Educational aims
To describe interactions between asthma and pregnancy. To present management guidelines and discuss the use of specific asthma medications during pregnancy.
Summary
Asthma is one of the most common diseases complicating pregnancy. It can lead to significant morbidity for both mother and foetus. Pregnancy may also affect asthma control and severity. Therefore, pregnant asthmatic patients should receive integrated obstetric and respiratory care. The focus of asthma treatment remains the control of symptoms and maintenance of normal lung function of the mother. However, during pregnancy, the safe delivery of a healthy baby is an additional goal. It is safer for pregnant women with asthma to be treated with asthma medications than for them to have asthma symptoms and exacerbations. Asthma treatment during pregnancy follows the same step-wise approach as normal, and studies have shown that first-line asthma medications (such as inhaled glucocorticosteroids and β 2 -agonists) are not associated with an increased incidence of foetal abnormalities. Moreover, inhaled glucocorticosteroids have been shown to prevent exacerbations of asthma in pregnancy and should be used in persistent asthma to control the disease and prevent exacerbations. If acute exacerbations develop, they should be treated promptly and aggressively in order to avoid foetal hypoxia. Good pregnancy and asthma outcomes are achieved through integrated obstetric and respiratory care, close monitoring, meticulous tailoring of pharmacotherapy, patient education and reassurance. This review describes interactions between asthma and pregnancy and briefly presents treatment guidelines.
The ERS designates this educational activity for a maximum of 1 CME credit. For information on how to earn CME credits, see page 315. and poorly controlled asthma may be associated with a number of severe adverse outcomes, including foetal death, pre-term labour and mild prematurity, low birth weight, pre-eclampsia, gestational diabetes, ante-and postpartum haemorrhage and increased need for caesarian section [3, 4] . Therefore, pregnant women with uncontrolled asthma are a high-risk group, who need to be monitored closely and treated optimally. Studies examining the effect of first-line asthma medications, i.e. inhaled steroids and short-acting β-agonists, have not shown risks induced to the foetus. This evidence is summarised in the current National Asthma Education and Prevention Program (NAEPP) and Global Initiative for Asthma (GINA) guidelines [2, 5] which state that:
> it is safer for pregnant women with asthma to be treated with asthma medications than for them to have asthma symptoms and exacerbations; and > inadequate control of asthma is a greater risk to the foetus than asthma medications. Cooperation between pulmonary specialists and obstetricians and midwives is very important, as the pregnant woman is likely to seek the obstetrician's/midwife's advice on asthma treatment, especially regarding the safety of medication during pregnancy. Obstetric health providers should encourage regular treatment, stress the importance of regular respiratory follow-up and reassure the gravid asthmatic patient that the outcome of pregnancy is excellent in well-controlled asthma.
Physiological changes during pregnancy
Most respiratory physiological changes occur due to enhanced production of hormones [6] . For example, during pregnancy, levels of progesterone, oestradiol and cortisol increase. Progesterone increases minute ventilation and decreases pulmonary vascular resistance, but it also affects β 2 -adrenoreceptor responsiveness and airway inflammation Changes in lung function include a reduction of functional residual capacity (FRC) and residual volume (RV), and an increase in inspiratory capacity (IC), while forced expiratory volume in one second (FEV1) and vital capacity (VC) are preserved [7] [8] [9] . Due to the increased minute ventilation (by 20-40%), blood gases change significantly and arterial oxygen tension (Pa,O 2 ) rises to 13.3-14.0 kPa (100-105 mmHg), while the carbon dioxide tension in arterial blood (Pa,CO 2 ) falls to 4.26-4.52 kPa (32-34 mmHg). pH is maintained by increased renal excretion of bicarbonate. No significant changes in dynamic volumes are observed during pregnancy while limited data exist regarding changes in airway hyperresponsiveness. JUNIPER et al. [10] demonstrated an overall improvement in airway responsiveness to methacholine challenge in the second trimester compared with pre-conception in 16 subjects, but no significant changes in FEV1 or FEV1/VC were observed. Any changes in FEV1, the FEV1/forced vital capacity (FVC) ratio or flow rates are therefore the result of respiratory pathology and should alert the physician.
Shortness of breath or an increased awareness of breathing may be present during pregnancy, especially in the third trimester. This is attributed to either increased work of breathing or increased respiratory drive, and it is normal. Furthermore, nasal obstruction is common during pregnancy and is due to hyperaemia and oedema. Nasal obstruction accentuates the sensation of breathlessness. It is important to differentiate this normal dyspnoea of pregnancy from pathological dyspnoea, which is associated with peak-flow or spirometry reduction or hypoxaemia.
gravid asthmatic females are adversely affected, one-third improve and one-third remain stable. Females with severe asthma are more likely to deteriorate, while females with mild asthma usually improve. In a fairly recent study including >1,700 pregnant women, exacerbations during pregnancy occurred in 12.6% of patients initially classified as mild, 25.7% of patients classified as moderate and 51.9% of patients classified as severe (p<0.001) [14] . Changes in asthma during pregnancy are often, but not invariably, similar in subsequent pregnancies, and the mechanisms causing these changes are not well understood.
Hormonal changes (particularly increases in progesterone and cortisol levels) may be one of the mechanisms leading to altered control of asthma. Experimental data show that progesterone reduces β-adrenoceptor responsiveness and increases inflammation.
Altered immune status may also be a mechanism and pregnancy has previously been associated with T-helper (Th) cell type 2 predominance [15, 16] . This Th2 predominance may accentuate asthma, which is also Th2 driven.
The fact that some females experience an improvement in asthma during pregnancy, while others experience a deterioration in their asthma, and that different patterns may be observed in consecutive pregnancies in the same mother, makes the mechanisms of contribution of these hormonal or immune changes in pregnancy hard to understand. However, studies in nongravid females have shown that a high proportion of asthmatics have an abnormal concentration of either progesterone or oestradiol, compared with nonasthmatics. These changes are not consistent across the entire group and this may explain different asthma outcomes in pregnancy. There is also recent evidence that the risk of asthma deterioration is higher in the presence of a female foetus [17] .
Asthma exacerbations are more frequent at the beginning of the third trimester and some patients become symptomatic during labour. It has been shown that pregnant females who visit the emergency department with acute asthma do not differ from nonpregnant females in the severity or duration of the attack. However, pregnant females are less aggressively treated with corticosteroids and have a three-fold increased chance of suffering an ongoing exacerbation after 2 weeks [18] . It is, therefore, important to monitor patients frequently and to treat exacerbations promptly and aggressively. It is also important to use objective tests of severity such as FEV1, as almost 10% of pregnant asthmatics who report that their asthma improved still experience an exacerbation requiring an emergency department visit.
The changes noted in asthma control during pregnancy revert to pre-pregnancy levels within 3 months post-delivery in the majority of women [11] .
Effects of asthma on mother and foetus Effects on the mother
Maternal complications associated with uncontrolled asthma include pre-eclampsia and hypertension, placenta previa, gestational hypertension, hyperemesis gravidarum, vaginal haemorrhage, toxaemia, induced and complicated labour, increased need for a caesarian section and prolonged maternal hospital stay [3, 4] . DEMISSIE et al. [4] examined records of >2,000 asthma and 9,000 normal pregnancies and reported a two-fold increase in hypertensive disorders of pregnancy in gravid asthmatic females. They reported that 7.9% of gravid asthmatics develop pregnancy-induced hypertension and 4.5% pre-eclampsia (the incidence in control pregnancies is 3.9% and 2.1%, respectively). Nevertheless, data from many studies also show that in appropriately treated and well-controlled asthmatic women, the incidence of adverse outcomes is not significantly different from control pregnancies. These data emphasise the need for optimal treatment of asthma during pregnancy.
Effects on the foetus
Foetal blood is oxygenated in the human placenta. Oxygenated foetal umbilical vein blood equilibrates with maternal uterine venous blood and, therefore, oxygenated foetal blood Pa,O 2 is extremely low, between 3.86-4.92 kPa (29-37 mmHg). The foetus tolerates this low Pa,O 2 using several mechanisms that include high foetal haemoglobin concentration, a shift in the oxygenhaemoglobin dissociation curve that favours oxygen delivery to the foetus, high foetal cardiac output and a preferential distribution of foetal cardiac supply to vital organs such as the brain and heart.
Critical maternal respiratory illness, such as an acute exacerbation of asthma, may lead to a fall in maternal Pa,O 2 , causing a profound decrease in foetal Pa,O 2 and tissue oxygenation.
A recently published experimental animal study showed that when the maternal arterial oxygen saturation (Sa,O 2 ) falls from 98 to ~58%, foetal Sa,O 2 falls from 62 to 27% [19] . Furthermore, maternal compensatory mechanisms will tend to maintain oxygenation and blood flow to maternal vital organs at the expense of uterine blood flow and foetal oxygenation. Therefore, foetal distress can occur even in the absence of maternal hypoxia or hypotension.
Foetal complications in the pregnancies of females with uncontrolled asthma include increased risk of perinatal mortality, intrauterine growth retardation, low birth weight, pre-term birth and neonatal hypoxia [4, 20] . DEMISSIE et al. [4] reported slightly increased odds ratios [2] , with permission from the publisher. Table 1 Step-wise approach to asthma management during pregnancy: NAEPP recommendations
(1.32-1.44) for small-for-dates, low weight and longer post-delivery hospital stay.
Asthma management during pregnancy
The goals of asthma therapy in pregnancy focus on the wellbeing of both mother and foetus. More specifically the goals are to: > control daytime and nocturnal symptoms > maintain normal or best pulmonary function > maintain normal activity levels; prevent acute exacerbations > avoid adverse effects of medication > ensure normal foetal maturation and the birth of a healthy baby. The management plans are successful if they are based on: accurate estimation of severity; close monitoring; patient education; avoidance of asthma triggers; and tailored pharmacological treatment that is adjusted as needed, in a stepwise manner according to guidelines.
Estimation of severity and monitoring of disease control and of responses to treatment are based on patient symptoms, peak expiratory flow and simple spirometry measurements and the same principles apply both to gravid and nongravid patients. In pregnancy, moreover, it is important to integrate asthma care with obstetric care, especially in cases of more severe asthma or complicated pregnancy. It is also very important to avoid triggering factors where possible. The current NAEPP report on asthma and pregnancy [2] stresses the importance of aggressive asthma treatment in pregnancy, which should equal the treatment of nonpregnant individuals. However, when choosing any drug in pregnancy, the therapeutic benefits must be weighed against possible risks to the mother and foetus.
All guidelines on asthma and pregnancy stress that, during pregnancy, inhaled medications and older drugs with a long history of use and well-documented studies are preferred.
A brief description of the step-wise approach to asthma management as recommended by the NAEPP report and the GINA and British Thoracic Society (BTS) guidelines is given in table 1. In the latest GINA guidelines, management strategies are based on disease control and regardless of disease severity. Treatment is intensified when control is not achieved or decreased when control is achieved and maintained. The effectiveness of medications is assumed to be the same in pregnant women as in nonpregnant women, although there are no studies that test this assumption directly.
Notes on specific medications used in asthma
The Food and Drug Administration (FDA) in the USA has published guidelines for prescribing during pregnancy (reviewed in [21] table 2 ). The highest risk in the pregnancy of an asthmatic female is due to uncontrolled asthma and this should be stressed to the patient. The physician should be ready to discuss with the patient potential risks from medication, but at the same time reassure the patient that there are a number of studies showing that most asthma medications and, in particular, inhaled glucocorticosteroids and short-acting β 2 -agonists are not associated with an increased incidence of foetal abnormalities. Moreover, inhaled glucocorticosteroids have been shown to prevent exacerbations of asthma in pregnancy [18] , and hence prevent foetal hypoxia and adverse outcomes. Providing education and reassuring the patient about the safety of medications is pivotal for successful management [22] and most patients need the obstetrician's reassurance as well as the respiratory care provider's.
β β 2 -Adrenergic agonists
Selective β 2 -agonists appear to be safe for use during pregnancy and inhaled preparations are extensively used. Large studies have not shown any risk associated with their use [22, 23] . Terbutaline is classified as class B while all other β-agonists are classified as class C. Salbutamol is the most widely used and is recommended by the NAEPP guidelines. There are very few data on the use of long-acting β 2 -agonists, but there is no evidence of risk, and their use is recommended in moderate and severe asthma as daily controller medication in combination with inhaled steroids. The use of adrenaline is not recommended, as its use shows no advantages over aerosolised treatment and it may cause vasoconstriction in the uterus and reduce uteroplacental blood flow. Systemic β 2 -agonists are only very rarely needed. When used, they may cause tachycardia, hyperglycaemia and tremor. They may also inhibit uterine contraction and their use is not recommended near term, unless they are specifically needed for their tocolytic effects.
Steroids
Inhaled steroids are recommended for use during pregnancy and many studies show no risk to the foetus [23] [24] [25] . Most inhaled steroids are classified as class C according to the FDA. Budesonide is the only inhaled steroid classified as B in the FDA ratings and it is recommended by the NAEPP guidelines. Data from a large study published in 1999 [26] show no increased risk of congenital malformations in 2,014 infants of females who received budesonide in early pregnancy. Although there are fewer data regarding other inhaled steroids, there is no evidence of risk from any studies. If asthma, and particularly severe asthma, is controlled with a specific preparation, then it is suggested that the patient should continue its use.
Oral steroids are used for the treatment of a number of inflammatory conditions and, therefore, they have been used fairly extensively during pregnancy. Potential foetal adverse effects associated with the use of oral steroids include cleft lip or cleft palate when used in the first trimester, low birth-weight and prematurity (the incidence of cleft palate in the general population is 0.1% and in women receiving oral steroids 0.3%) [27] . Data from large human studies show that oral steroids may be associated with increased incidence of pre-term delivery, pre-eclampsia or a slight decrease in the weight of the newborn [26] [27] [28] . Conversely, the dose and timing of steroids as well as the severity of asthma are not very well documented in those studies, and low birth-weight may be the result of poor asthma control requiring oral steroid use and not the use of medication itself. Studies show that severe asthma and asthma exacerbations are not well controlled without oral steroids [18] and uncontrolled asthma is a risk to both mother and foetus. The use of oral steroids during pregnancy should, therefore, not be withheld. On the contrary, when required, they should be used promptly and in adequate doses (tables 1 and 3) .
Cromoglycates
Sodium cromoglycate is considered safe for use during pregnancy, it is listed as class B and is included in the NAEPP report [2] , but it requires very frequent dosing and it is not recommended as first-line treatment. Less information is available on the use of nedocromil.
Methylxanthines
The use of both theophylline and aminophylline is considered safe during pregnancy, although it is not the treatment of choice [2] . Similarly to β 2 -agonists, theophylline may inhibit contractions, probably through increased cyclic adenosine monophosphate levels. It may cause tachycardia and irritability in the foetus. Theophylline has not been shown to induce a risk of major congenital malformations or adverse perinatal outcomes, but it needs close monitoring and is inferior to inhaled steroids in the prevention of exacerbations, so it is not recommended. If used, target plasma levels should be kept lower during pregnancy, between 5-12 mg·mL -1 .
Anticholinergic agents
Anticholinergic agents are not first-line medications in asthma and very limited data exist on their use in human pregnancies. If needed, ipratropium is considered safe for use during pregnancy and is classified in FDA category B [5] .
Leukotriene antagonists
There are very limited data about the use of leukotriene antagonists in human pregnancies, but studies have not shown risks and they are classified in category B. Because there are limited human data, although animal studies do not show any risks, they are not yet recommended as first-line treatment. Furthermore, GINA guidelines recommend inhaled steroids as the first-line treatment option. The BTS guidelines recommend that leukotriene antagonists should not be commenced during pregnancy, but that they may be continued in women who have demonstrated significant improvement in asthma control with their use.
Anti-immuniglobulin E
Animal studies do not show teratogenic effects, but very limited data exist in humans. It is classified as class B by the FDA, but is not mentioned in the 2005 BTS or NAEPP guidelines on asthma and pregnancy.
Other medications
Antihistamines are often needed for the treatment of upper airway symptoms. No risk has been shown by their use, but again older medications are preferred, and loratadine and cetirizine are the ones recommended by the NAEPP guidelines.
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Components of asthma treatment management
Decongestants are best avoided during pregnancy and other classes of medication such as nasal steroids, external dilators and local antihistamines should be tried first.
Antibiotics may be used for the treatment of exacerbations due to infections. The FDA has also classified the safety of use of various antibiotics during pregnancy.
The safest and most widely used antibiotics include amoxicillin, erythromycin, azithromycin (all classified as FDA B class) and clarithromycin (FDA C class). Cephalosporins may also be used. 
Acute exacerbations
Acute exacerbations should be treated aggressively in order to avoid foetal hypoxia. In the case of a severe or sustained exacerbation, treatment includes inhaled and systemic steroids, oxygen supplementation, frequent β 2 -agonist dosing and, if necessary, hospital admission and intensive care. Maternal Sa,O 2 should be >95%. Foetal signs of distress, such as reduced kicking, should be monitored and an ultrasound is advised.
Breastfeeding and asthma
Women with asthma should be encouraged to breastfeed. The risk of atopic disease developing in the child of an asthmatic woman is about one in 10, or one in three if both parents are atopic. This risk may be reduced by breastfeeding. All inhaled preparations, oral steroids and methylxanthines are safe when breastfeeding [30] .
Conclusions
In conclusion, pregnant patients with asthma should be advised that the greater risk to their baby lies with poorly controlled asthma, and the safety of most modern asthma treatments should be discussed and stressed. A good patient/healthcare professional relationship, patient education, frequent monitoring and tailored treatment should ensure excellent outcomes. Prescribing during pregnancy should follow the same stepped approach to treatment and inhaled and older medications with documented safety are preferred. Table 4 FDA use-in-pregnancy ratings for specific asthma drugs 
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